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Dietary Intake and
Cardiovascular Risk
Factors, Part 1. Blood
Pressure Correlates

by William R. Harlan, M.D.; Alan L. Hull, Ph.D.; Robert P.
Schmouder, M.P.H.; Frances E. Thompson, M.P.H.; Frances
A. Larkin, Ph.D.; and J. Richard Landis, Ph.D., University of
Michigan

Introduction

Relationships between nutrition and blood pres-
sure generate considerable public health and medical
interest because of the potential that nutritional
intervention has for prevention and nonpharmacologic
treatment of high blood pressure. Studies of specific
groups and populations have suggested that adiposity,
specific dietary constituents (particularly salt), and
alcohol may influence levels of systolic and diastolic
blood pressure and may be implicated in the pathogen-
esis of hypertension.!-#

The majority of studies have focused on special
groups or populations, many of whom experienced
extremes or changes in nutritional intake. The applica-
bility of findings from special groups to the general
population of the United States has been questioned.
However, with completion of the first National Health
and Nutrition Examination Survey in 1974, an exten-
sive set of nutritional and physiologic data became
available for a representative sample of the U.S.
population.

The first National Health and Nutrition Examina-
tion Survey was the first program in which measures
were collected of nutritional and health status for a
scientifically designed sample representative of the
U.S. civilian noninstitutionalized population over a
broad age range, 1-74 years. The probability sample
design permits estimates to be made for the total
population and at the same time allows for more
detailed analyses of data for certain groups at high risk
of malnutrition: the poor. preschool children, women
of childbearing age, and the elderly.>” This latter
analysis can be realized because of the oversampling of
these high-risk groups. Yet the findings can be applied
to the general population if the design and sample
biases are handled appropriately.

Data from the first National Health and Nutrition
Examination Survey were used to test several a priori
hypotheses regarding nutritional relationships to blood

pressure. For example, previously described relation-
ships between blood pressure and obesity, dietary salt
intake, and alcohol were examined. Aspects of person-
al environment, such as cigarette smoking, oral contra-
ceptive use, and psychological status were analyzed to
verify other reports suggesting an influence on blood
pressure. In addition, numerous variables were
screened for unsuspected associations that might
generate new hypotheses about nutritional or biochem-
ical relationships. To provide a more sensitive search
for associations, both food frequency history and 24-
hour dietary recall were used in analysis, and the
extreme percentiles of dietary intake (0-14 and
85-100) were compared. Several unanticipated and
potentially important relationships were found in this
exploration, and these merit further investigation and
potential confirmation.

Despite the extensive nature of this survey and the
broad range of measurements, some limitations of the
resulting data should be noted initially as they relate to
the analytical approach, results, and interpretation.
First, one of the major goals of the survey was to
determine nutritional and health status in the United
States; the survey was not designed to examine specific
hypotheses regarding nutrition and blood pressure.
Therefore, some nutritional and medical measure-
ments represent compromises in methodology necessi-
tated by a large field survey with more general goals. A
second caveat relates to the cross-sectional nature of
the survey. Only current nutritional patterns and
medical conditions are reliably obtained in a cross-
sectional survey. These patterns may not be represen-
tative of those prior to the survey. Moreover, many of
those surveyed had been informed of a current medical
condition, and the therapy advised may potentially
alter eating behavior, nutritional status, or levels of
serum biochemistries. Therefore, it was often necessary
to exclude these examinees from analysis when current
therapy could bias the relationship.



Highlights

The National Health and Nutrition Examination

Survey of 1971-74 provides the first measures of
nutritional status and blood pressure levels ever
obtained on the same representative sample of the U.S.
population.

Significant findings from the analysis of these data

are as follows:

Of all the nutritional variables in the survey, body
mass index (weight/height?) and adiposity (sum of
subscapular and triceps skinfold thickness) had the
most consistent and important relationships to
systolic and diastolic pressure levels. This associa-
tion was found in every race, sex, and age group
examined.

Measurements of dietary sodium did not have
consistent or significant associations with blood
pressure. The ratio of sodium to potassium in the

24-hour dietary intake data was found to be

directly related to blood pressure levels among
black but not among white adults. However, when
the ratio of sodium to potassium intake was held
constant, the black-white differences in mean blood
pressure levels of adults were minimized or elimi-
nated.

Reported alcohol consumption was related to
systolic and diastolic blood pressure levels. Ab-
stainers and heavy drinkers had higher blood
pressure levels, on the average, than light or
moderate drinkers.

The use of oral contraceptive agents was associated
with higher systolic and diastolic blood pressure
levels in women. This association was found in
every age, race, and body mass index group
examined.

Hemoglobin levels were directly related to diastolic

pressures in men and women even after control for
body mass differences. Hemoglobin levels were not

related to systolic pressures.

Serum inorganic phosphorus levels were inversely
related to systolic and diastolic blood pressure.
Serum calcium had a direct relationship to blood
pressure in women, but not men. The serum
calcium-potassium ratio had an even stronger
direct relationship to blood pressure that was
independent of age, sex, race, and body mass.

Serum urate level was directly related to sys1t01ic4
and diastolic blood pressure levels of adults irre-
spective of age, sex, race, and body mass index.




Methods

Data collection for the first National Health and
Nutrition Examination Survey (NHANES I) was
begun in April 1971, and the initial survey was
completed in June 1974. A detailed description of the
specific content and plan of operation, including the
sample design, has been published,® and only general
characteristics are described here. Field teams of the
National Center for Health Statistics traveled to 65
primary sampling units or areas. They included profes-
sional and paraprofessional medical and dental exam-
iners, along with technicians, interviewers, and other
staff. The selected sample persons for whom appoint-
ments could be made were brought into specially
constructed mobile examination centers that were
moved into a central location in each primary sam-
pling unit area.

Of the 28,043 sample persons selected to represent
the 194 million civilian noninstitutionalized persons
ages 1-74 years in the U.S. population at that time, the
program examined 20,749, or 74 percent of the sample.
This is an effective response rate of 75 percent when
adjustment is made for the effect of oversampling
among preschool children. women of childbearing age,
the poor, and the elderly. Data presenting breakdowns
by race are based on findings from NHANES I of a
sample of 27,730 white and black persons, of whom
20,514 were examined. Estimates in this report are
based on weighted observations; that is, the data
obtained for the examined persons are inflated to the
level of the total population from which the sample
was drawn using the appropriate weights to account
for both sampling fractions and response results. (See
appendix 1.) These analyses are limited to respondents
ages 18-74 years, who were given a single-time
examination during the period from 1971 through
1974. Those under 18 years were not included in these
analyses because growth has an important confound-
ing effect on blood pressure.

A subsample of approximately 20 percent (3,854)
of those ages 25-74 years in the initial sample received
a more detailed examination. An additional sample of

3,059 persons ages 25-74 years was identified to
augment the sample that received the detailed exami-
nation in April 1971-June 1974. This “augmentation
survey”’ (NHANES IA) was conducted in 35 addition-
al sites between July 1974 and September 1975. These
samples are referred to as the “detailed” and “augmen-
tation” components, respectively. Additional measures
(primarily biochemical measurements) were obtained
on persons included in the augmentation survey.” For
this report, analyses utilized the largest number of
persons for whom data were available for specific
independent variables. The text and tables (limited to
data available for those ages 18-74 from the 1971-74
period or 25-74 years from the 1971-75 period)
indicate the data sources used for each analysis.
Appropriate sample weights were used for each sub-
group or combination of groups in the analyses.

Nutritional data

Nutritional status was determined using four
different sources: (1) information on the person’s
dietary intake (kind and quantity of food consumed
and its nutritional value), (2) results of various
biochemical tests made on blood and urine samples to
determine levels of various nutrients, (3) findings of
clinical examinations by physicians and dentists alert-
ed to detect stigmata of malnutrition including de-
formities, infections, and other signs indicative of
nutritional problems, and (4) various body measure-
ments that would permit detection of abnormal growth
patterns, including obesity.

A dietary interview was conducted with sample
persons to obtain information about their total food
and drink consumption during the 24 hours—midnight to
midnight—preceding the interview. Food recall included
foods usually eaten on Monday through Friday. This was
followed by recall questions about the frequency of food
intake for the preceding 3 months *"* The dietary inter-
view lasted approximately 20 minutes (maximum allow-
ance, 30 minutes) and usually was administered in the



mobile examination center. A small percent of the
interviews took place in subjects’ homes.

Food portion models were used to assist the
respondent in estimating amounts of foods consumed
for the 24-hour recall. Models developed for another
survey were used with slight modifications.’® A com-
puter program used to determine nutrient values of
foods consumed was adapted from one developed and
used in the Ten-State Nutrition Survey and was based
on a program developed originally at Tulane Universi-
ty.!! The original nutrient data base used in NHANES
I was derived from the U.S. Department of Agricul-
ture Handbook No. 8 (1963), table 1,12 as well as
information from other sources. Because of the con-
stantly changing food supply, nutrient composition
values for new food products were added or updated
continually according to information provided by the
U.S. Department of Agriculture, food processors, and
manufacturers.

Dietary intake measurements considered in this
report include the following:

* Frequency of consumption of specific food groups:
butter and margarine, dried beans and peas, breads
and cereals, dairy foods (whole milk, eggs, and
cheese and cheese dishes), meat and poultry, total
fruits and vegetables, desserts and sweets, candy,
sweetened beverages, coffee and tea, and snack
foods.

® Frequency of consumption of special food groups:
complex carbohydrate and fiber-containing foods,
high fat foods, sweets, snacks, coffee and tea, and
alcohol.

* Table salt use, dietary sodium, dietary sodium-
potassium ratio, dietary sodium per 1,000 calories
of caloric intake, and combined dietary sodium
intake-table salt use.

Medical and laboratory examination

Complete descriptions of the clinical examination,
body measurements, and laboratory assessments are
available,571314 and only aspects pertinent to the
present analysis are described. A medical history
questionnaire was completed by participants ages
12-74 years and by a parent for those under age 12
years. This instrument requested information on
health habits and general medical status, as well as
specific answers regarding known disease conditions
and medical treatments. The medical history question-
naire was reviewed by the examining physician the day
before the scheduled examination. In addition, a
supplemental medical history (including smoking hab-
its) and the general well-being questionnaire were
completed by the detailed sample persons, usually
while in the mobile examination centers.

All examinees received a physical examination

with emphasis on nutritional aspects. Blood pressure
was recorded in the sitting position near the beginning
of the examination for persons ages 6-74 years. The
recommendations of the American Heart Association
were followed. A cuff was selected that was at least 20
percent wider than the diameter of the arm. Both adult
(13-centimeter) and pediatric (9.5-centimeter) cuffs
were available to examiners. The cuff was deflated at a
rate of 2-3 millimeters of mercury (mm Hg) per
heartbeat, and readings were made to the nearest
2-millimeter interval on the scale. Diastolic pressure
was taken as cessation of KorotkofPs sound (fifth
phase) unless there was no loss of sounds, in which
case the point of muffling (fourth phase) was used as
diastolic pressure.!»15 If the latter situation was ob-
tained, this was recorded on the form. Some of the
examinees (those in the detailed and augmentation
surveys) had three blood pressure measurements: the
first at the beginning of the physician’s examination
with the examinee sitting, the second at the end of the
physician’s examination with the examinee supine, and
the third immediately after the second with the
examinee sitting on the edge of the examination table.
Systolic and diastolic blood pressures were used as
continuous variables in analysis, and the following
categories (defined in appendix II) were also used for
analysis: normotensive, borderline hypertensive, hy-
pertensive (definite), and systolic hypertensive.

Systolic and diastolic blood pressure readings were
the dependent variables in these analyses, and their
reliability and validity are important issues. This is
particularly a concern in the general nutritional survey
in which only one pressure was recorded. However,
three pressure readings were obtained from the de-
tailed sample examinees, making it possible to assess
the variability of blood pressure during the examina-
tion and determine misclassifications of blood pressure
that might result when only a single reading was used.
On categorization of individuals into blood pressure
categories by first pressure, one might expect substan-
tial casewise movement between categories with sec-
ond pressure readings. This problem and the determi-
nation of reliability of a single pressure reading are
analyzed in detail in appendix II.

This analysis utilized the two pressure readings
recorded in the sitting position, one early in the
examination sequence and a second near the end of the
examination. The analysis revealed that there was a
tendency for the second reading to be higher than the
first, although the difference was not statistically
significant. When examinees were classified into blood
pressure categories by first and second readings,
approximately 20 percent moved to an adjacent
category on the second pressure reading. Therefore, in
this survey, utilization of initial blood pressures as
continuous variables in the entire population probably
affords a relatively reliable dependent variable. Anoth-
er approach to this question using all three pressure



readings also indicates that the variability is mini-
mal.!®

Standard diagnostic codes!?” were used to classify
the examining physicians’ diagnostic impressions. In
the general survey, body measurements including
height, weight, and skinfold thickness were made by
specially trained examiners using equipment designed
for the study, which were checked weekly during the
examination periods and before each examination
stand commenced. These procedures are described in
detail elsewhere.13.15.19

Laboratory assessments on the general nutrition
examination included hematologic examinations and
nutritional biochemistries on serum and urine speci-
mens. The following additional clinical biochemistries
were performed for the detailed sample: serum glutam-
ic oxalacetic transaminase (SGOT), calcium, inorganic
phosphorus, and uric acid. Details regarding examinee
preparation, sample collection and standardization,
and laboratory analytical procedures are described in
detail in other reports.!*1?

Statistical analysis

Procedures for statistical analysis and theoretical
considerations are decribed in detail in appendix I.
Definitions of selected terms, including those related to
the statistical methods, are given in appendix III. The
weighted sample and design effect were considered in
all statistical analyses presented in this report. The
general analytical approach was to examine univariate
relationships between blood pressure and nutritional
and nonnutritional variables. Following this, potential
confounding influences were controlled and, finally,
multivariate analyses were undertaken.

The population was divided into age, race, and sex
groups. Because of the small numbers and the hetero-
geneity of the group, races other than white and black

were not considered in the analysis. The following age
ranges were used: 18-24 years, 25-34 years, 3544
years, 45-54 years, 55—-64 years, and 65-74 years. Age,
sex, and race categorizations were made for each
univariate model. When significant and apparently
important relationships were found, potential con-
founding variables (e.g., body mass index or combina-
tions of age, race, or sex) were controlled. In many
instances, the knowledge of elevated blood pressure or
prescribed diets or use of medications resulted in
changes in blood pressure or diets that might obscure
or bias the relationships sought, and individuals
reporting therapy were excluded in the analysis. These
exclusions are noted in each section.

Independent variables having significant relation-
ships with systolic and diastolic blood pressures in
univariate analysis were entered into a multivariate
regression model to predict the dependent variables:
systolic and diastolic pressures. Appropriate sample
weights to avoid distortions of relationships, along
with the measures of sample design effect, were used
(appendix I). For comparisons, a probability of 5
percent or less that the finding was the result of chance
was taken as statistically significant. Because large
sample sizes often render even small differences sig-
nificant, the results were subjected to the additional
criteria of consistency and of sufficient magnitude to
have biologic importance before they were accepted as
potentially important findings.

The findings and detailed tables shown are nation-
al estimates based on weighted data with the survey
sample design taken into account in the estimation of
sampling variability. Statistically significant differences
in these national estimates as well as observed
differences (which may be of interest even though they
are not statistically significant) are discussed. Statisti-
cally significant differences are pointed out.



Findings related to blood
pressure

Body mass index

Relationships of blood pressure to body mass and
relative adiposity were assessed using two measure-
ments—body mass index (Quetelet’s Index or
weight/height?) and skinfold thickness.
Weight/height? (kilograms/meters?) is a measure of
body mass that is commonly accepted as the best
measure of body mass and one having defined relation-
ships to morbidity and mortality.202! This index
standardizes weight for height and permits indirect
prediction of adiposity.2-25

Mean values and the distribution of the body mass
index (BMI) for males and females differed. Propor-
tionately more females than males were obese on the
basis of this adiposity measure (table 1, figure 1). In
females, the BMI values were notably higher than
those for males from the 75th through the 95th
percentiles. This pattern was present in both race
groups, although it was more pronounced in the black
population. Within race categories, indexes for white
females were higher than those for white males at the
90th and 95th percentiles, and black females had
higher BMI values from the 50th percentile upward
than black males. White males had consistently higher
BMI values than black males, except at the 90th and
95th percentiles, where the pattern reversed but the
differences were slight. Black females had consistently
higher values than white females from the 10th
through the 95th percentiles. The more erratic curves
for black persons reflects the smaller sample sizes
available for them. There were no significant trends
with age in males, but for females, BMI values were
progressively greater in older groups except at ages
65-74 years for black females.

Body mass index (weight/height?) was strongly
related to systolic and diastolic blood pressure levels of
adults. Mean systolic and diastolic blood pressure
levels determined for sex, race, and age groups within
quintile strata of BMI (cutoff points at the 20th, 40th,
60th, and 80th percentiles) are shown in tables 2 and 3.

Examinees who reported taking antihypertensive med-
ication were excluded. Mean systolic blood pressure
was higher in progressively higher strata of BMI for all
males and white and black persons (figure 2). In each
quintile stratum of BMI, mean systolic pressure levels
of black males (130.5-mm Hg-143.3-mm Hg) were
consistently higher than those of white males (124.9-
mm Hg-140.1-mm Hg) in comparable quintile strata.
For each age range except 3544 years, mean systolic
pressure tended to be greater in successively higher
BMI strata. Although the increase was not progressive
across the BMI strata, the mean differences between
the highest and lowest quintile strata were large
enough to be statistically significant.

Diastolic pressure in males had a similar relation-
ship to BMI. In progressively higher quintile strata of
BMI, the mean diastolic pressure tended to be greater
for all males and white and black subgroups. Although
the differences in pressure were not successive, particu-
larly in the third BMI quintile stratum (40th—59th
percentiles), the mean diastolic pressures at the two
extremes of BMI differed significantly and to an
important degree. For each age group except 55-64
years, progressively higher BMI quintile strata were
associated with higher mean diastolic pressure. At ages
25-34 years the trend, though noted, was less consist-
ent. In general, body mass index was related to systolic
and diastolic blood pressures in males, and this
relationship was independent of race and age.

The relationships between BMI and blood pressure
in females were similar to those in males. Successive
quintile strata of BMI were associated with higher
systolic and diastolic pressures and this relationship
persisted when race and age (except 55-64 years) were
controlled (table 3).

Skinfold thickness

To assess relationships to skinfold (fatfold)
thickness, an estimate of subcutaneous adipose tissue,
measurements at the triceps and subscapular sites were
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by agr - inited States, 1971-74

summed for each person. This provided an assessment
of both limb (triceps) and truncal (subscapular) adi-
posity and obviated the concern that individuals may
have regional obesity in either the extremities or the
trunk. The distribution of total skinfold thickness
(triceps plus subscapular) for respondents not report-
ing antihypertensive medications was divided into
quintiles, and mean systolic and diastolic blood pres-
sures were determined for each quintile stratum (tables
4-7, figure 3).

A direct relationship between skinfold thickness
and blood pressure was found. The difference in mean
blood pressure values for males from the lowest to the
highest skinfold categories was 12.0/9.4 mm Hg
(systolic/diastolic) and for females, 22.1/13.9 mm Hg.
The relationship was consistent in both racial groups,
for both sexes, and across the adult age range of 18-74
years. The influence of skinfold thickness on systolic

pressure was somewhat greater in females than in
males and tended to be somewhat less in the middle
adult years (ages 25-44 years). However, the
independent influence of this measure of adiposity on
blood pressure was significant in each age, race, and
sex group.

The pervasive and considerable influence of body
mass on systolic and diastolic blood pressures indicat-
ed that it must be considered in further analyses of
nutritional variables. For this reason, subsequent
analyses in this report were controlled for the influence
of body mass index by using BMI quartile strata to
provide categorizations similar to those developed for
sex, race, and age ranges. Body mass index was
selected because of its marked and consistent associa-
tion with blood pressure and the ready availability of
the index components (weight and height) to investiga-
tors and clinicians. Quartile strata were chosen for
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categorization to retain sufficient numbers within the
analytical cells for reliable national estimates for the
various measurements.

Total calories

The relation of blood pressure to the examinees’
total energy intake was assessed using the 24-hour
dietary recall data. For this, the population was
divided into caloric intake strata using cutoff points at
the 15th, 50th, and 85th percentiles (tables 8-11).
Excluded from the analyses were examinees who
reported they were following special or extraordinary
diets and also those who reported they were taking
antihypertensive medications and who had been told
they were hypertensive.

Males had significantly lower mean systolic blood
pressure with higher caloric intake (p < 0.001). This

was found for both races (table 8). However, the
relationship was weaker and not significant for black
persons (p < 0.08). This trend was significant in those
ages 18-24 years only (p < 0.05) and was found to be
significant {p < 0.05 to < 0.001) for those in all
quartile strata of BMI except the third quartile. A
similar pattern of association was found for diastolic
blood pressure in males (table 9).

For females and the groups subclassified by race
but without controlling for age, the pattern of associa-
tion was significant (p < 0.001). Lower mean systolic
values were associated with higher caloric intake (table
10). This trend was significant for those in the highest
and lowest quartile of the body mass index (p < 0.01).
Mean diastolic values for females followed the same
general pattern with an inverse relationship between
reported caloric intake and blood pressure (table 11).

The inverse relationship between total caloric
intake and blood pressure would be expected if age



were not controlled since reported caloric intake was
lower in successively older age groups while blood
pressure was higher.?1516 This was found for the total
groups. When age was controlled, inverse trends were
still found for females, though few were statistically
significant. In general, when age was accounted for,
there was no consistent or significant relationship
between caloric intake and blood pressure. Another
important controlling variable was the size of the
individual;, larger persons require more calories to
remain isocaloric. When body mass index was controlled
the trend persisted for systolic pressure, but it was neither
consistent nor always statistically significant for systolic
or diastolic pressure.

Alcohol intake

The relationship between alcohol intake and blood
pressure was examined using data from two sources—
the medical history on usual weekly alcohol consump-
tion and the 24-hour dietary recall. Because the use of
high-blood-pressure medication could bias relation-
ships, respondents reporting use of antihypertensive
drugs were not included in these analyses. The
methods used for estimating the amount of ethanol
consumed per week and caloric intake of ethanol from
the 24-hour recall are described in appendix Iil.

For weekly alcohol consumption, a U-shaped
trend was noted between alcohol consumption and
blood pressure. In the total group (table 12), abstainers
and heavy consumers had significantly higher systolic
pressures than light consumers. The differences were
not significant for contrasts between moderate and
heavy consumers (males and females) or between
moderate consumers and abstainers (males only). For
males and females, the trends were similar.

When age groups were examined, there was a
tendency for heavy drinkers to have higher pressure
levels than those who drank less or abstained except in
the oldest age group (ages 65-74 years). There was an
inconsistent trend for abstainers to have higher systolic
pressures than light or moderate consumers when age
was controlled. No consistent relationship of systolic
pressure to alcohol intake was found when body mass
index was controlled.

For diastolic blood pressure, the most consistent
finding was that higher pressure levels were present in
the heavy alcohol intake group than in the light or
moderate intake groups (table 13). This was present
after controlling for race, sex, and age, but when body
mass index was controlled, the relationship dissipated.
In some of the comparisons, abstainers had higher
diastolic pressure levels than light or moderate con-
sumers, but this was not a consistent finding.

Caloric contribution from alcohol consumption as
reported on the 24-hour recall showed a relationship to
adults’ blood pressure levels similar to that for weekly
alcohol consumption (tables 14 and 15, figure 4).
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Persons consuming more than 250 calories from
alcohol on the day preceding the examination had
higher mean systolic and diastolic blood pressures than
those consuming 1-250 calories of alcohol. For some
groups, those consuming no calories of alcohol had
slightly higher pressures than the 1-250-calorie group.
The relationship to high alcohol consumption was
statistically significant for systolic and diastolic blood
pressures and for males and females ages 18-34 years.
Controlling for body mass blurred the relationship of
calories of alcohol to blood pressure, except for
females in the first two quartile strata of body mass
index.

In general, respondents reporting the highest
alcohol intake either on a weekly basis or on the 24-
hour recall had higher mean systolic and diastolic
pressures. Less consistently, abstainers (either as a
general pattern or during the day of diet recall) tended
to have slightly higher mean pressure levels than light
to moderate consumers. These patterns were most
apparent in the younger groups. There was considera-
bly less alcohol consumption by older groups, thereby
reducing the numbers within “‘heavy” categories. The
association between alcohol intake and blood pressure
was confounded by body mass, and controlling for
BMI obliterated the relationship, except for the leanest
male group.

Salt and salty food intake

The relationship between dietary sodium and
blood pressure was assessed using the two direct
measures of relative levels of salt intake available.
Those were the frequency of use of the table salt shaker
(rarely, occasionally, or frequently) from the medical
questionnaire and the sodium content of food reported
on the 24-hour dietary recall. From these, five indica-
tors of relative sodium intake were used: frequency of
use of the table salt shaker, sodium contained in foods
reported on the 24-hour dietary recall, combination of
these two salt sources, frequency of eating salty snack
foods, the sodium-potassium ratio from the 24-hour
dietary recall, and sodium content of diet (24-hour
recall) per 1,000 calories. These measures will only
approximate total dietary salt intake because there was
no quantification of salt added during food preparation
or at the table. Hence the absolute values from this
survey cannot be compared with dietary studies where
total sodium intake is measured or urinary sodium
output is determined.

Excluded from this analysis were individuals on
special diets for hypertension, those taking blood
pressure medication, those who knew they had hyper-
tension, and those who reported that they did not
consume a normal diet during the 24-hour recall
period (for 24-hour dietary data only) because they
would be expected to have a lower intake of salt and
salty foods.
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Use of the table salt shaker was inversely related to
blood pressure (tables 16 and 17). Mean systolic blood
pressure ranged from 127.8-mm Hg to 124.8-mm Hg
with reported higher salt shaker use, and these trends
were statistically significant (p < 0.05). This same
relationship existed for males and females, and white
but not black persons. However, there was no consist-
ent relationship when age or body mass index was
controlled except for males in the highest BMI quartile
stratum where a significant inverse relationship was
evident. There were no consistent or significant trends
for diastolic blood pressure.

Dietary sodium content of foods reported on the
24-hour recall did not have a consistent relationship to
blood pressure. There were no consistent or significant
trends in mean systolic blood pressure across the
sodium intake strata (tables 18-21 showing cutoff
points at the 15th, 50th, and 85th percentiles of

sodium intake). Mean diastolic blood pressures did not
differ significantly across groupings by dietary sodium
intake (tables 20 and 21).

Another combined measure of sodium intake was
constructed from the frequency of use of the table sait
shaker and dietary sodium in the foods reported in the
24-hour recall as described in appendix III. For all
males and females, there was no consistent relationship
between combined sodium intake and systolic or
diastolic pressures. Controlling for race, age, and BMI
did not yield consistent relationships with either
systolic or diastolic pressure.

Total caloric intake varied widely among the
population as estimated from this national survey.
Therefore, sodium per 1,000 calories was also deter-
mined from the 24-hour recall. This estimate of
relative sodium intake will correct somewhat for those
with low total caloric intake (tables 22 and 23 showing
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cutoff points at the 15th, 50th, and 85th percentiles of
relative sodium intake). No consistent and significant
trends were found for systolic and diastolic blood
pressure and dietary sodium per 1,000 calories. For
systolic pressure, the stratum having the lowest sodi-
um intake tended to have lower pressure levels, but
this finding was inconsistent and not present when age
and body mass index were controlled. While some
groups had a significant positive relationship (females
ages 25-34 years and the second and fourth BMI
quartiles for females), the majority of categories did
not. For diastolic pressure, no consistent patterns were
apparent, and no significant trends were found.

The fifth measure used to study the relationship
between salt and blood pressure was the ratio of
sodium (Na) to potassium (K) in the diet as reported
in the 24-hour recall (tables 24 and 25 and figure 5
using cutoff points for Na/K intake at the 15th, 50th,
and 85th percentiles). In the total population, mean
systolic blood pressure for those in the lowest Na/K

ratio stratum was significantly lower than for those in
the highest Na/K ratio stratum (table 24).

For males and females and for white persons, the
mean systolic pressures varied relatively little across
Na/K strata. However, in black persons, a positive
association was observed between systolic blood pres-
sure and Na/K intake ratio.

A positive relationship between Na/K intake ratio
and systolic blood pressure was evident for four age
groups, excluding the youngest and those ages 55-64
years. This latter group included a small number of
persons with a high Na/K ratio and a corresponding
large sampling error. When controlled by BMI, mean
systolic pressure was observed to be higher for those in
the high Na/K stratum for some age, sex, and race
groups, but the differences were significant (p < 0.05)
only for two groups.

Similar trends were found for diastolic blood
pressure (table 25), but no significant differences in
mean diastolic blood pressure values were found in
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comparing the lowest to the highest Na/K intake
strata for males or females, or black or white persons.
Results of analysis by age and BMI were similar to
those for systolic blood pressure. For each age group,
mean diastolic blood pressure was greater in the
highest percentile stratum of Na/K than in the lowest
percentile stratum, except for the 55-64-year age
group. Mean diastolic blood pressure by BMI did not
show a consistent pattern.

Females, subdivided by age, had a consistent
positive association between Na/K intake and blood
pressure, although only two age groups had a statisti-
cally significant mean difference in diastolic values
when comparing respondents with the highest dietary
Na/K ratio with those with lowest Na/K ratio. For all
but the youngest males, there was a trend toward
higher diastolic values with higher Na/K ratios, but
there were no significant differences between high and
low ratios.

The sixth measure used to study the relationship
between blood pressure and salt intake was reported
frequency per week of eating salty smack foods.
Persons who consumed salty snacks the least frequent-
ly had significantly higher (p < 0.001) mean systolic
blood pressure levels than those who consumed such
snacks more frequently. (Table 26 uses cutoff points
corresponding to the 15th, 50th, and 85th percentiles
of salty snack food intake frequency.) The same
inverse trend was evident for each sex and race group.
However, mean blood pressure levels tended to in-
crease across salty food intake categories for most age
groups except at 65-74 years, where relatively few
consumed salty snacks. The mean difference was
significant for the two age groups between 18 and 34
years. An inverse relationship was observed between
systolic blood pressure and frequency of eating salty
snacks among those in the two leanest BMI strata.
However, there was no consistent pattern of associa-
tion between salty snack consumption and systolic
blood pressure values when age and sex were con-
trolled.

The pattern for diastolic pressure and salty snack
consumption was similar to that for systolic pressure
(table 27). When all ages were considered, the relation-
ship tended to be inverse. When age was controlled,
only the youngest groups (18-24 years) had sig-
nificantly higher pressure levels with greatest use of
salty foods.

Salt intake, regardless of source, was age-related.
Younger persons consumed greater quantities of salty
foods and reported more frequent use of the salt
shaker. Blood pressure had the opposite relationship to
age. Therefore, the inverse relationship between blood
pressure and salt intake found when all ages were
combined would be anticipated. However, when age
was controlled, a direct relationship was observed for
some measures of salt intake that was often significant
for the younger age groups. The most consistent

relationships were observed with the Na/K intake of
foods reported on the 24-hour recall.

Other confounding variables included body mass
and total food intake. Larger individuals would gener-
ally have a greater food intake and hence experience a
greater sodium intake. To control for this, dietary
sodium was related to total caloric intake and to the
body mass index. The latter variable, however, has
been shown to be related to a third factor, body
adiposity, which is consistently correlated with blood
pressure. When these confounding influences (age,
total calories, and BMI) were controlled, two measures
of relative sodium intake had significant direct rela-
tionships to blood pressure but only in the younger
groups. These estimates were Na/K content of foods
and sodium per 1,000 calories.

Other dietary constituents

Other dietary variables assessed for relationships
to blood pressure included total complex carbohy-
drate, combined fat and complex carbohydrate, fre-
quency of fatty food consumption, proportion of
linoleic fatty acid to fat, frequency of consumption of
sugar-containing foods, and dietary cholesterol.

The majority of these analyses failed to yield
consistent relationships. Excluded from the analysis
were examinees who reported that they had altered
their diet on advice of a physician or who did not
report a customary diet, and those on current antihy-
pertensive medications.

Fat and complex carbohydrate coexist in most
diets, and generally the relative proportions vary
inversely. The two variables were both investigated
separately and combined in a ratio to identify the
synergistic or additive effect of the two dietary compo-
nents on blood pressure.

To explore the role of frequency of intake of foods
high in fats, the following food groups were consid-
ered: cheese, milk, eggs, butter and margarine, and
meat and poultry. No separate effect on blood pressure
was apparent for any of these individual food groups.
When the five groups of fatty foods were combined, a
Gaussian or normal type of distribution was shown
between level of intake and blood pressure.

Food groups known to contain a high percentage
of complex carbohydrates, (including fiber) were se-
lected from the food frequency data. These included
cereals, grains, fruits, vegetables, and beans and peas.
Initial analysis of individual groups revealed a high
variability similar to the findings for fat groups. Hence
the individual complex carbohydrate food items were
pooled. The combined complex carbohydrate variable
had a symmetrical distribution with a slightly negative
skew. Mean systolic blood pressure levels for white
persons and females but not males showed a direct
significant association with the frequency of consump-
tion of complex carbohydrates (p = < 0.05), (table
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28). When sex and age were controlled, there was no
consistent pattern of association. For diastolic blood
pressure, there were few significant mean differences
and no pattern when age was controlled (table 29).

When combined fat and complex carbohydrate
intake were combined as described in appendix III, the
black, white, and female groups showed statistically
significant higher mean systolic pressure levels when
they reported frequent consumption of low fat and
high carbohydrate foods (tables 30 and 31). When
body mass index was controlled, conflicting patterns
were found for males and females. When separated
into sex-age groups, systolic pressures had different
relationships depending on age, and no consistent
pattern was evident.

Mean systolic blood pressure tended to be higher
in those with a low fat and high carbohydrate diet than
in those at the opposite extreme, but this was sig-
nificant only for black males, all females, and black
and white females (tables 30-33). When age was
controlled, the patterns were inconsistent. Controlling
for BMI resulted in no consistent relationship. Trends
in mean diastolic blood pressure were not significant or
consistent. The inconsistency of these findings indi-
cates the possibility of confounding and interactions.

Total dietary fat, which includes saturated and
unsaturated fats, was available from the 24-hour recall
data. Four levels of fat intake were created by making
separations at the 15th, 50th, and 85th percentiles
shown in tables 34-37.

For males there was a statistically significant mean
difference (p < 0.001) between total fat intake and
mean systolic blood pressure, with those who con-
sumed higher levels of fat having lower pressure (table
34). However, when age was controlled no significant
relationship was found. When body mass index was
controlled, there was no consistent pattern for systolic
and diastolic values (table 35).

Similar relationships were found for females.
There was an inverse relationship between systolic
pressure and total dietary fat for the total group, but
the pattern was inconsistent when age was controlled
(table 36). However, unlike males, females had a
consistent pattern when adiposity was controlled;
higher systolic values were associated with lower fat
intake in all body mass index quartiles. Diastolic blood
pressure relationships followed those observed for
systolic pressure (table 37).

An approximation of polyunsaturated fatty acid to
saturated fatty acid ratio, which was constructed using
the ratio of linoleic fatty acid to unmsaturated fat
reported in the 24-hour dietary recall, showed no
relationship to systolic or diastolic pressure in males or
females.

A variable indicating the frequency with which
sugar was consumed was developed from three food
groups on the food frequency data collection instru-
ment—desserts and sweets, candy, and beverages

14

(sweetened, carbonated, and noncarbonated). Sucrose
was not separately reported by respondents, and sugar-
containing foods represents a variable likely to corre-
late with sucrose.

When the frequency of consumption of sugary
foods was cross-classified with sex, race, and BM]I,
there was a clear pattern of lower sugar consumption
frequency being related to high systolic blood pressure
(table 38). When age was considered, there were no
consistent differences. A similar pattern was observed
for diastolic pressure (table 39), but no consistent
differences were found when age or age and sex were
controlled.

Dietary cholesterol was determined from the 24-
hour recall data. Four levels of cholesterol intake were
created based on the 15th, 50th, and 85th percentiles.
For both males and females, mean systolic blood
pressure tended to be higher with lower cholesterol
intake (p < 0.1), but the relationship was inconsistent
when age and body mass index were controlled (tables
40 and 42). No significant trends were found for
diastolic blood pressure (tables 41 and 43).

Coffee and tea consumption

The relationship of blood pressure to caffeine
intake was assessed using the total number of times
coffee and tea were consumed per week, derived from
the food frequency diet history. Examinees were
divided into four levels. The lowest level included
individuals whose fregency of consumption was less
than 2 times per week; the highest level, those who
drank coffee or tea more than 27 times per week (tables
44 and 45).

Significant differences in mean systolic pressure
were found for the highest and lowest consumption
strata for the total group, for males and females, and
for white persons (p < 0.05 to < 0.001). No
consistent or significant pattern was observed when the
group was analyzed by age, although inverse relation-
ships for ages 35-44 years and 55-64 years were
statistically significant (p < 0.01). When body mass
was controlled, there was a slight but insignificant
trend to higher pressure levels, with increased caffeine
beverage consumption.

The relationships for diastolic blood pressure were
similar to those for systolic pressure: a trend to higher
mean pressures with greater consumption except when
age was controlled. Within specific age ranges, how-
ever, the opposite trend was found. The mean
differences between high and low consumers were
significant for ages 3544 years (p < 0.0001) and
55-64 years (p = 0.01). This finding was also obtained
in the same age groups for males and females. The
inconsistent patterns and reversal of trends for blood
pressure and coffee/tea consumption can be attributed



partially to the varying intake with age and confound-
ing influence of body mass.

Nondietary environmental variables
Tobacco use

Self-reported data on tobacco use was available
only for the detailed and augmentation samples.
Examinees were separated into those who reported no
current tobacco use (“none’”), use of cigar and/or pipe
only (“cigar/pipe’), use of cigarettes only (“ciga-
rettes’”), and use of some mixture of cigarettes and
cigar and/or pipe (““mixed”). The exclusive use of snuff
and chewing tobacco was infrequent and not included
in the analysis. No consistent or statistically significant
differences in systolic or diastolic blood pressure were
found for males when categorized in these four groups
(tables 46 and 47). Women who smoked showed
significantly lower mean systolic and diastolic pressure
than those who did not, though the differences were
not consistently significant when controlled for age or
body mass index (BMI) (tables 48 and 49).

Oral contraceptive use

Use of oral contraceptive agents in the past 6
months was assessed in the medical history question-
naire for women ages 18—44 years in the general and
detailed samples. The questionnaire provided informa-
tion that permitted categorization of use into the
following groups: nonusers in the past 6 months, users
in the past 6 months but not current users, and current
users. Women on high-blood-pressure medications
were excluded from this analysis (tables 50 and 51 and
figure 6).

Current users of oral contraceptives had the
highest mean systolic and diastolic pressure. The
differences in their systolic pressure when contrasted
with users in the past 6 months but not current users
were significant for white and black women and for
ages 18-24 years and 25-34 years. Controlling for
BMI and age did not alter this relationship. Smaller
mean differences were found for diastolic pressure, but
only the mean differences in diastolic pressure for
those ages 25-34 years were significant.

Users in the past 6 months but not current users of
oral contraceptives had significantly lower systolic
pressure than those reporting no use in the past 6
months. This difference was attributable primarily to
the older wusers (ages 25-34 years). Although
confirmatory information was not available from the
questionnaire, this finding might be explained by the
avoidance of contraceptive use by those with known
elevated blood pressure but who did not take antihy-
pertensive medications.
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General well-being scale

Respondents in the detailed and augmentation
surveys completed a questionnaire directed to their
perceptions of personal health and psychological well-
being. Factor analysis of responses to the 18 items
revealed that 3 content areas could be identified; the
Cronbach alpha coefficients (measures of associa-
tion)? for these items within these areas ranged from
0.7439 to 0.8425. The three factors that explained 58
percent of the variance were those concerning adjust-
ment (items 6, 7, 9, 11, and 16-18); general health and
energy (items 1-5); and anxiety and/or depression
(items 8, 10, and 12-15). However, the alpha
coefficient for all 18 items was 0.9075, indicating a
high reliability among all the items. Therefore, the
General Well-Being (GWB) score used in the analyses
represents the sum of a respondent’s responses to all 18
items. Higher scores on the index indicate better
perceived well-being (tables 52-55).

For males, there was a trend for systolic pressure
to be higher with higher scores on the GWB scale.
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This trend was noted for black persons but was
significant only for white persons. A similar trend was
present for males when body mass index was con-
trolled (table 52). The trend was not observed in the
younger age groups (ages 25-34 years and 3544
years) but was present in the older groups (45-74
years) and was significant for the two older groups. No
consistent trends were found for diastolic blood pres-
sure (table 53).

For women, similar trends were found for systolic
blood pressure (table 54). Overall, higher mean GWB
scores were associated with higher pressure, and this
held for white and black women. However, when age
and body mass index were controlled, no consistent
relationships were found between GWB scores and
systolic pressure. As with men, there were no consist-
ent relationships between GWB scores and diastolic
blood pressure (table 55).

Clinical hematology and serum
biochemistries

To analyze the relationship between systolic and
diastolic blood pressure and each of the biochemistry
measurements, four groups were created based on the
distribution of values for each of the biochemistry
measurements. Insofar as possible, the cutoff points
used for these groups were the 15th, 50th, and 85th
percentiles of the distribution. Many antihypertensive
medications are known to alter serum biochemistries
(cholesterol and urate), and, therefore, examinees who
reported use of medication to lower blood pressure
were excluded from the analysis.

Hemoglobin concentration

For males, there were no consistent or statistically
significant relationships between hemoglobin concen-
tration and systolic blood pressure (table 56). Higher
mean diastolic pressures were present at the highest
hemoglobin concentration (16.75 grams/deciliter or
more) than at the lowest concentration for males.
These differences were significant for all groups except
those ages 25-54 years and those in the first quartile
stratum of BMI (table 57). By contrast, female
respondents had significantly higher systolic pressure
at the highest levels of hemoglobin concentration
(14.95 grams/deciliter or more) except for black
women and all females ages 18-24 years (table 58).
Diastolic pressure tended to be higher at the highest
levels of hemoglobin concentration except for black
females and females ages 18-44 years (table 59). Males
and females were similar with respect to the relation-
ships of hemoglobin concentration to diastolic blood
pressure, but females also had a direct relationship
with systolic pressure while males did not. For both
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sexes the relationship to hemoglobin tended to persist
after correction for body mass index.

Serum cholesterol

A direct relationship was found between serum
cholesterol and systolic and diastolic blood pressure
(tables 60 and 61). The differences between mean
systolic blood pressure in the highest and lowest
percentile strata of serum cholesterol were statistically
significant (p < 0.001). The direct relationship persist-
ed after controlling for race and sex. A positive or
direct relationship was present for the younger age
groups (ages 18-54 years) but was reversed for those
ages 55—64 years and was positive, though diminished,
for those ages 65-74 years. The positive relationship
was present in males and females after controlling for
body mass index except in males at the highest quartile
for body mass index. All differences were statistically
significant.

For diastolic blood pressure, a similar significant
positive relationship to serum cholesterol was found
(table 61). The patterns of relationships were similar to
those for systolic pressure. The direct relationship was
found after accounting for race, sex, and body mass,
and in every age range except those ages 55-64 years.
These differences were generally statistically significant
(except ages 65-74 years), and the mean difference in
systolic/diastolic pressure between the high and low
groups of serum cholesterol concentration was
13.4/8.6 mm Hg.

Serum urate

In men, there was a direct relationship between
serum urate levels and systolic and diastolic blood
pressures (tables 62 and 63). The mean differences in
pressures between the highest and lowest strata of
serum urate were statistically significant (p < 0.001).
The pattern of direct relationship persisted after
controlling for age, race, and body mass index.

There was also a direct relationship between serum
urate and systolic and diastolic pressures in females
(tables 64 and 65). These significant relationships were
present among females after controlling for age, race,
and body mass index (= 0.05).

Serum glutamic oxalacetic transaminase (SGOT)

The mean systolic blood pressure for each of the
four SGOT levels had a direct linear relationship with
SGOT levels (table 66 and figure 7). For males, the
mean systolic blood pressure ranged from 129.6 mm
Hg for the lowest level of SGOT to 133.6 mm Hg for
the highest SGOT level. The range for females was
from 122.0 mm Hg to 131.7 mm Hg. A similar
relationship was found for race and age groups, where
mean systolic blood pressure increased as SGOT levels
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Figure 7. Mean systolic and diastolic blood pressure levels in quartile strata of serum glutamic oxalacetic transaminase (SGOT) levels of
adults 25-74 years, by age: United States, 1971-75

increased. The trends were not as evident when body
mass index was controlled, but significant differences
were present for all female BMI groupings and for the
lowest and highest male BMI groupings.

Diastolic blood pressure had a similar direct
relationship to SGOT levels (table 67). This trend was
found for all the sex, race, age, and BMI groups.

Serum calcium

Serum calcium levels had complex relationships to
systolic and diastolic blood pressures (tables 68 and
69). For males, there tended to be an inverse relation-
ship for systolic pressure and no consistent relation-
ship for diastolic pressure. No discernible trends were
apparent for black persons, but the sample sizes were
small and standard errors relatively large. When age
was controlled, a consistently positive relationship for
systolic and diastolic pressures was found in the
younger age groups but not in the older groups (ages

55-74 years). When body mass index was controlled,
systolic and diastolic pressures had a consistent and
direct relationship to serum calcium concentration in
females but not in males.

Serum inorganic phosphate

Serum inorganic phosphate concentration showed
an inverse relationship to systolic blood pressure, and
this relationship was consistently present when sex,
race, age, and body mass index were controlled (tables
70 and 71). The mean difference in systolic pressure
between those in the lowest (0-15) and highest
(85-100) percentile strata amounted to 8.4 mm Hg for
all persons. A similar trend was found for diastolic
pressure, although the difference between those in the
upper and lower percentile strata was less, averaging
4.50 mm Hg for all persons. As with systolic blood
pressure, the inverse relationship persisted after con-
trolling for age, sex, race, and body mass index.
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Serum calcium-phosphate ratio

Because serum calcium and inorganic phosphate
usually vary reciprocally and their relationships to
blood pressure tend to be reversed, the relationship of
serum calcium-serum inorganic phosphate (Ca/P) was
analyzed with respect to blood pressure (tables 72 and
73 and figure 8). Mean serum Ca/P was directly
related to systolic and diastolic blood pressure. This
relationship persisted after controlling for age, sex,
race, and body mass index. The mean difference in
systolic/diastolic pressure between the 15th and 85th
percentile strata of Ca/P was 8.3/4.6 mm Hg. All
differences were statistically significant.

Serum magnesium

No consistent or statistically significant relation-
ships were observed between serum magnesium levels
and systolic or diastolic blood pressure.

Characteristics of respondents
classified by hypertensive status

Persons were categorized into blood pressure
strata (hypertensive status) based on the two sitting
measurements, using the criteria described in “Meth-
ods,” regardless of treatment for hypertension. Select-
ed variables were contrasted among the resultant
hypertensive status groups (table A). Variables of body
mass index, total skinfold thickness, serum urate,
hemoglobin, serum cholesterol, serum calcium-phos-
phate ratio, calories from alcoholic beverages, and
dietary sodium-potassium ratio were selected because
prior analyses indicated a relationship to blood pres-
sure. The findings generally agreed with those obtained
when blood pressure was analyzed as a continuous
variable and treated hypertensive examinees were
excluded from analysis.

For each race-sex group, body mass index was
significantly greater in hypertensives, borderline hy-

Age in years
—25-34 years
======35-44 years
=——=145-54 years
v = 55-64 years
= = =55-74 years
170 — 170 —
Males Females
- Systalic Systolic
g L n em—mmm- -
3 148 - 148 - S.ao
g P e - -
E - - - - / —
— - — ——— ——
*3 _ —_— ”_—’—
E ................ aumummEy L N —— e
= 126 — o ouescaszosestttttt e 126 P
E amsa2 P
= RSO P L
= wmmaan® -
T et
g
o
e
8 104 104 —
)
-]
I . . .
‘§_ Diastolic Diastolic
(2] I ——
c — — A T [ G e caammema mammamm-m
3 e SRSl - —e—To It ossox =
s 82 a—‘efg 82 — S wemene
o T eesmmassssscumssEwEESEAEEREsAEEEEELRS
60 | | | | &0 _ [ | |
<2.444 2.444-2.833 2.834-3.413 >3.413 <2.444 2.444-2.833 2.834-3.413 >3.413
Calcium-phosphate ratio

18

Figure 8. Mean systolic and diastolic blood pressure levels in quartile strata of serum calcium/phosphate ratios of adults 25-74 years,

by age: United States, 1971-75
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Table A. Selected characteristics of respondents classified as having normotension, borderline hypertension, hypertension, and systolic hypertension ages 25-74 years:
United States, 1971-75

Normotension Borderline hypertension Hypertension Isolated systolic hypertension
Variable Standard Number Standard Number Standard Number Standard Number
Mean error of of Mean error of of Mean error of of Mean error of of
mean examneas mean examinees mean examinees mean examinees
Body mass index!'
(kilograms/meters)
White males ...........cceervnevecannine 24,5 0.10 2,305 26.1 017 1,046 27.9 0.30 816 28.1 1.11 158
White females ... . . s 231 0.08 4,435 26 2 020 1,126 290 0.28 914 26.8 0.47 265
Black males ... . R 2113 (AR o 2617 045 177 67 045 273 27.3 1.61 57
Black temales ........... ... .. ... .. 250 0.39 822 271 048 260 314 1.00 379 271 0.86 68
Total skinfold thickness!
(millimelers)
White males .......cccceeeveeeccanine 25.8 0.34 2,305 30.1 0.55 1,046 331 0.79 816 35.8 2.74 158
White females.. 37.6 0.30 4,435 46.0 0.69 1,126 52.7 0.83 914 46.2 1.73 265
Black males...... " 23.7 1.15 362 28.9 1.36 177 29.1 1.63 273 46.2 4.64 57
Black females ......coovcivmrecrruenene. 414 1.18 822 48.7 1.75 260 59.1 2.55 379 471 3.42 68
Serum urate
(rmilligrams/deciliter)
White males.......cccceeeees e 6.0 0.06 757 6.1 0.09 377 6.6 0.08 312 6.2 0.40 a5
White females ........cccceivvececnne 4.6 0.06 949 5.0 0.08 311 5.3 0.12 270 4.9 0.25 69
Black males........ccccoveveeeceeenene. 6.2 0.19 84 6.5 0.27 59 6.8 0.20 113 5.2 0.38 12
Black females ........c.ccocnramneercnnn 4.8 0.15 125 4.9 0.18 51 5.7 0.25 116 5.2 0.25 22
Hemoglobin'
(grams/deciliter)
White males ..... 15.7 0.15 2,211 15.7 0.06 1,008 15.9 0.09 782 15.3 0.14 153
White females.. 13.8 0.05 4,249 141 0.05 1,064 14.3 0.05 878 13.9 0.10 247
Black males...... . 1541 0.12 330 15.2 0.14 167 15.2 0.17 253 14.3 0.21 48
Black femal@s .....cc.ccoeomeeeeemnens 131 0.07 757 129 0.09 238 13.4 0.12 336 1341 0.20 64
Serum cholesterol’
(milligrams/deciliter)
White males ......cccccuveveeveeinnen. 206.0 1.25 2,305 2153 2.14 1,046 228.0 1.77 816 215.6 515 158
While females.. . 204.8 1.23 4,435 232.7 2.55 1,126 2384 2.57 914 245.3 4.97 265
Black males......coovvevieiiennienirinne 200.1 3.88 362 220.1 6.99 177 221.3 5.34 273 217.3 7.90 57
Black females .........ccceoveeervemnnes 204.9 2.64 822 217.0 3.38 260 229.6 4.09 379 234.4 7.84 68
Serum calcium-
phosphate ratio
Total....ccieeereee s 29 0.02 1,573 3.0 0.03 641 3.1 0.03 661 3.0 0.06 99
Calories from alcoholic
beverages!
Total...oes et 160.6 4.80 8,038 1545 8.88 2,632 127.6 6.77 2,407 134.6 10.36 493
Dietary sodium-potassium
ratio?
WHItE ..o 1.1 0.01 6,739 1.0 0.02 2,172 1.0 0.02 1,729 1.0 0.04 423
]2 O 1.2 0.04 1,184 1.3 0.05 437 13 0.10 652 1.4 0.18 94

! Dala for persons examnined in lhe NHANES | general or nutntion sample, 1971-74.



pertensives, and, except for black males, in those with
isolated systolic hypertension than in the normotensive
persons ( p < 0.05). The relationship between adiposi-
ty and blood pressure categories generally was ob-
served for total skinfold thickness (triceps plus sub-
scapular skinfolds). Differences in skinfold thickness
between normotensive and hypertensive groups were
statistically significant, but the differences for black
females in the systolic hypertensive category were not
significant, and variability was relatively large.

Regarding dietary intake, the number of calories
from alcohol was greater for the normotensives than
for those in the hypertensive categories (excluding the
borderline group). No significant differences between
the normotensive and hypertensive groups in sodium-
potassium (Na/K) dietary intake were found for white
or black persons. However, black persons in the
hypertensive categories had higher Na/K content.

Serum urate concentration was significantly higher
in each race-sex group of hypertensives than in the
comparable race-sex groups of normotensives, but the
mean differences between the normotensives and the
borderline and systolic hypertensive groups were not
significant.

For hemoglobin concentration, the only significant
mean difference between groups was the slight but
significantly greater hemoglobin concentration for
hypertensive white and black females when contrasted
with normotensives. Serum cholesterol was sig-
nificantly higher on the average in the hypertensive
group than in the normotensive stratum for each race-
sex group. In addition, mean serum cholesterol levels
were higher in the isolated systolic hypertension
category for white and black females, but it must be
remembered that virtually all persons with systolic
hypertension were over 55 years of age and cholesterol
levels increase with age. The mean serum calcium-
inorganic phosphate ratio was significantly higher in
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hypertensive and borderline hypertensive respondents
than in the normotensive group.

Multivariate analysis

The discovery of numerous associations between
nutritional variables and blood pressure poses the
question of the relative importance and potential
overlap of these factors. To address this question,
regression analyses were developed using systolic and
diastolic pressure as dependent variables. The regres-
sion analyses were computed using persons in the
detailed sample group since this was the only group for
which both nutrition and relevant biochemistry data
were available. Independent variables having sig-
nificant, demonstrated associations with blood pres-
sure were used. The independent measures included in
the analyses were age, body mass index, serum
cholesterol, serum urate, serum -calcium/phosphate
ratio, dietary sodium, sodium-potassium ratio, ethanol
ounces per week, and smoking (pack years). Regres-
sions were computed separately for the four sex-race
groups.

Age and body mass index had the highest correla-
tion with blood pressure as shown by standardized
beta coefficients. These coefficients reflect the relative
weighting of the independent variable with respect to
its contribution to prediction of variance of the
dependent variable. Age was found to be the best
predictor, followed by body mass index when that
measure was included in the two regression equations
analyzed—one including BMI, the second excluding
BMI (tables B and C). Other important predictors of
both systolic and diastolic blood pressures include
serum urate (for black persons only), the calci-
um/phosphate measure (all race-sex groups), ethanol
ounces per week (white persons only), and smoking
(white females only).
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Table B. Standardized beta coefficient and standard error for systolic blood pressure, by race, sex, and selected variables for adults ages 25-74 years: United States, 1971-74

White1 Black® Whitez Black?
Male Female Male Female Male Female Male Female
Independent r2= 021 re= 0.32 re= 0.33 r2= 0.43 r2= 0.17 rP= 027 re= 0.30 re= 0.34
variables n = 1398 n = 1,440 n = 103 n = 162 n = 1,398 n = 1,440 n = 103 n = 162
Standard Standard Standard Standard Standard Standard Standard Standard
Bela error of Beta error of Beta eror of Bela error of Beta erorof Beta error of Beta error of Beta  error of
beta beta beta bela beta beta beta beta
AGC..ecemrr s 0.35 0.03 0.46 0.02 0.23 0.11 0.41 0.08 0.35 0.03 0.48 0.03 0.16 0.10 0.47 0.08
Body mass ndex.. " 0.24 0.0 0.23 0.02 0.19 0.10 033 0.07
Serum cholesterol ... -0.03 0.02 0.01 0.02 -0.02 0.10 0.01 0.07 -0.01 0.03 0.02 0.03 0.00 0.10 0.01 0.08
Serum urale 0.02 0.03 0.03 0.02 0.35 0.10 0.10 0.07 0.10 0.02 0.11 0.02 0.42 0.10 0.19 0.07
Calcium-phosphate ratio.... 0.10 0.02 0.05 0.02 -0.17 0.10 0.23 0.06 0.10 0.02 0.05 0.02 -0.12 0.10 0.25 0.07
Dietary:
Sodium.....cccocvnenninirnrninens -0.02 0.03 0.03 0.03 -0.11 0.10 0.08 0.07 -0.02 0.03 0.01 0.03 -0.10 0.10 0.06 0.08
Sodium-polassium ratio ..... 0.01 0.03 0.02 0.03 0.06 0.10 0.00 0.07 0.00 0.03 0.05 0.03 0.07 0.10 0.00 0.08
Ethanol ounces per
WEEK ..ocererrierere e seeseesennes 0.05 0.02 -0.05 0.02 -0.02 0.09 -0.01 0.07 0.04 0.02 -0.06 0.02 -0.06 0.09 -0.07 0.07
Smoking (pack years)........ 0.05 0.03 -0.06 0.02 0.07 0.10 -0.05 0.07 0.04 0.03 -0.08 0.02 0.08 0.10 -0.06 0.07

'Values based on regression equations including body mass index.
2Values based on regression equalions excluding body mass index.
NOTE: Analyses include only persons in the detailed sample who were not laking high blood pressure medicalion.
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Table C. Standardized beta coefficient and standard error for diastolic blood pressure, by race, sex and selected variables for adults ages 25-74 years: United States, 1971-74

White Black White? Black?
Male Female Male Female Male Female Male Femnale
Independent r2= 0.14 re= 023 re= 0.90 re= 0.31 re= 0.07 re= 0.13 r2= 0.07 re= 007
variables n 1,398 n = 1,440 n 103 n 162 n = 1,398 n = 1,440 n = 103 n 162
Standard Standard Standard Standard Standard Siandard Standard Standard
Beta error of  Beta error of  Beta error of Beta error of  Bela error of Beta error of Bela error of  Beta error of
beta beta beta bela beta beta beta bela
Yo [ YOO 0.11 0.03 0.19 0.03 0.04 0.12 0.12 0.08 0.11 0.03 0.23 0.03 -0.04 0.12 0.22 0.09
Body mass index... 0.29 0.03 0.36 0.03 0.21 0.11 0.54 0.07
Serum cholesterol . 0.03 0.03 0.03 0.03 0.00 0.11 -0.03 0.08 0.06 0.03 0.05 0.03 0.03 0.11 -0.03 0.09
Serum urate....coeeeeeiecereeen, 0.07 0.03 0.07 0.03 0.12 0.11 0.03 0.07 0.16 0.03 0.20 0.03 0.20 0.11 0.18 0.08
Calcium-phosphate ratio.... 0.13 0.03 0.05 0.02 0.09 0.11 -0.03 0.07 0.14 0.03 0.05 0.02 0.14 0.11 0.00 0.08
Dietary:
[STa T ({17 ¢ TR -0.02 0.03 0.03 0.03 -0.14 0.11 0.01 0.08 -0.03 0.03 0.00 0.03 -0.14 0.1 -0.02 0.09
Sodium-potassium ratio ..... 0.01 0.03 0.01 0.03 0.11 0.11 -0.06 0.08 -0.01 0.03 0.06 0.03 0.12 0.11 -0.04 0.09
Ethanol ounces per
WEK ...t 0.06 0.03 0.02 0.02 0.15 0.10 -0.03 0.07 0.04 0.03 0.01 0.03 0.11 0.10 -0.12 0.08
Smoking (pack years)........ 0.02 0.03 -0.06 0.02 0.18 0.11 0.03 0.07 0.01 0.03 -0.08 0.03 0.20 -0.11 0.00 0.08

1Values based on regression equations including body mass index.
2Values based on regression equalions excluding body mass index.

NOTE: Analyses include only persons in lhe detailed sample who were not taking high blood pressure medication.



Discussion

Many significant and important relationships were
found between nutritional variables and blood pres-
sure. In general, these relationships from a nationally
representative sample add to the previous findings
from studies among more limited groups (geographi-
cally or otherwise) that demographic variables, age,
sex, and race indicate important relationships with
blood pressure in the U.S. population.!516

Systolic and diastolic pressure levels in adults were
consistently and significantly related to body mass
index (weight/height?) in this national survey. The
relationship was direct; the greater the body mass, the
higher the systolic and diastolic pressure. This rela-
tionship was generally present at all ages, for both
sexes, and for both white and black groups. Moreover,
the relationship of race and sex to blood pressure was
independent of body mass. For example, black persons
had consistently higher pressures than white persons
within each strata of body mass. Males had consistent-
ly higher systolic pressure than females within these
strata across age groups except the oldest (65-74
years). A consistent and strong relationship was also
found for skinfold thickness (subcutaneous adiposity)
and blood pressure. To provide a more representative
sample of subcutaneous adiposity, skinfold measure-
ments from the limb (triceps) and trunk (subscapular)
were combined for analysis. For body mass, there were
major trends with age in both white and black females,
but no consistent age-related mean differences for
males. White and black females had greater body mass
indexes on the average in successively older groups,
which reflected the increasing proportion of respond-
ents with larger skinfold thickness at older ages.
Males, on the other hand, had only slightly greater
body mass at successively older ages, and there were
no major differences between black and white males.

Relative adiposity may be assessed with several
clinical measurements, and although none has a
perfect correlation with complex research measure-
ments, there is good internal agreement among the
simple measures available to clinicians and epidemiol-

ogists. Skinfold measurements, which provide the most
direct clinical assessment of subcutaneous adiposity,
correlate relatively well with weight to height ra-
tios.20222425 Body mass index (weight/height?) corre-
lates well with skinfold measurements over a broad
range of ages and body configurations for both men
and women.2-27-22  Development of weight for
height ratios using powers of height other than 1, 2, or
3 deserves exploration, but use of an easily calculated
ratio, such as weight/height2, has the virtue of utility
in the clinical setting and of considerable experience
linking it to mortality and morbidity. Because of the
availability, utility, and reliability of weight/height?
and its validity as a health measure, it was used in
these analyses to control for the effect of body size.2! It
should be appreciated that body mass is not synony-
mous with adiposity or skinfold thickness in the
general U.S. population, although age trends of skin-
fold thickness and body mass index (BMI) are parallel
and the changes of BMI with age generally represent
increasing adipose mass in the general population.
However, it is likely that the primary relationship of
body mass to blood pressure represents a relationship
between adiposity and blood pressure. The consider-
ations reiterated above and the relationship of skin-
folds to blood pressure support this inference.
Although adiposity (and BMI) was greater for
successively older age groups, and blood pressure was
also higher in older groups, weight is not the full
explanation for the age-related increase in pressure.
Mean blood pressure is higher at successively older
ages for men, although body mass does not increase
with age. Moreover, for both men and women, age was
the most important predictor in a multiple regression
analysis that controlled for the effect of body mass.
Several studies of special groups and more restricted
populations have shown body mass and skinfold
thickness to be related to systolic and diastolic blood
pressure.>*2728 In groups followed longitudinally, there
is a clear relationship between weight gain and blood
pressure increase, 2627 and individuals who reduce their
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body weight experience a -significant decrease in
systolic and diastolic pressure.? However, most of
these observations on body mass and blood pressure
have been limited to relatively small numbers of
individuals in select groups and have encompassed
narrow age ranges.

Data from this survey dramatically emphasize the
pervasive nature of the relationship between adiposity
and blood pressure. The influence of adiposity is
evident at every age and at all levels of weight and
blood pressure. In this regard, the relative strength of
the relationship between adiposity and blood pressure
is greatest in the upper quartile or quintile strata of
body mass or skinfold thickness. The relationship is
most evident in the middle years (25-54 years), and in
young adults (18-24 years). For older adults (65-74
years), the association is noted but is not as prominent.
The apparent lesser influence of adiposity on blood
pressure at the extremes of age may reflect fewer
persons at the upper ranges of BMI or skinfolds. For
younger persons, this suggests better weight control
and for older persons, perhaps selective early mortality
of the obese.

These survey data are also useful because of the
information provided about blood pressure in older
adults. Relatively little information has been available
on blood pressure correlates in older persons and no
other such broad-based observations had been ob-
tained previously in a nationally representative popula-
tion. Body mass and adiposity continue to have a
significant association with systolic and diastolic pres-
sure after 55 years of age and are significantly
associated with both systolic-diastolic hypertension
and isolated systolic hypertension, an entity limited
generally to older Americans. Moreover, the represen-
tative nature of the NHANES I population affords the
important observation that the influence of obesity is
similar in white and black persons and males and
females in the United States. The public health and
medical implications for education and intervention
regarding this factor are obvious, and action is
overdue.

The relationship between blood pressure and
dietary salt was less consistent and more complex than
the relationship with adiposity. This complexity relat-
ed at least partially to the contrasting age trends for
blood pressure and for dietary salt ingestion and to the
incomplete and imprecise assessment of total salt
intake. Systolic and diastolic pressure levels were
progressively higher in older groups until approxi-
mately 50 years of age when the diastolic pressure
plateaued and then was lower for men, although it
continued to be slightly higher for women. By con-
trast, use of table salt and ingestion of salty foods were
highest in the younger groups and lowest in older
groups. The divergent age trends of salt intake and
blood pressure afforded an inverse relationship be-
tween these variables when the survey population was
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considered without respect to age. On the other hand,
a small positive trend between salt intake and systolic
and diastolic pressures was found when age was
controlled. Body size further confounds this relation-
ship because the larger individual consumes more food
to remain isocaloric and the increased food intake
affords greater salt intake. Because of these confound-
ing features, particularly the strong age trends, the
most robust analysis for an association with dietary
sodium required control of age and of body size or
caloric intake (i.e., BMI, or sodium intake per 1,000
calories). When age was controlled, there was a
significant difference in systolic and diastolic pressure
between those consuming high and low dietary sodium
per 1,000 calories (p < 0.01). This relationship was
significant for the total group, for females, and for
white persons. No significant relationships were
present when age and body mass were controlled
simultaneously. When other measures of salt intake
were examined, only the sodium-potassium (Na/K)
content of food reported on the 24-hour recall had any
consistent and significant associations with blood
pressure. Other assessments such as reported use of
table salt and frequent consumption of salty foods were
not related to blood pressure. These findings do not
support the notion that personal salt preference and
taste sensitivity can differentiate persons with higher
pressure.

The most provocative relationships between sodi-
um and blood pressure emerged from analysis of
Na/K food content ratios in the 24-hour dietary
recall. A direct relationship between Na/K and
systolic and diastolic pressure was found for all adults,
for black adults, and for those ages 2544 years
(p < 0.05). Other reports3-3% indicate that the
ratio of dietary sodium to potassium may be more
important than sodium in influencing blood pressure
and, further, that potassium intake is particularly
important when sodium intake is high. Most studies
implicating Na/K as an important factor have utilized
urine collections because this approach probably pro-
vides a more accurate and complete assessment than
dietary histories. Several studies have suggested that
racial differences in the Na/K intake provide an
explanation for the consistent observation that black
individuals have higher pressure in industrialized
countries.?8-3° In several surveys, the sodium intake of
white and black persons was found to be similar, but
the potassium intake in black persons was less and
there was a higher ratio of sodium to potassium. It has
been inferred that the higher pressure in black persons
is related to this difference.3>-* The findings in
NHANES I afford some support for this concept as
Na/K was observed to be related to blood pressure in
black but not white persons, and, when Na/K was
controlled, the black-white differences in pressure were
minimized or eliminated. Interestingly, this was the
only nutritional stratification that partially removed



the otherwise persistent blood pressure differential
between black and white persons. Therefore, these
results support other observations that the ratio of
dietary Na/K has a direct relationship to systolic and
diastolic pressure and may be related to racial
differences.

Except for the suggestive nature of the association
between dietary sodium and sodium-potassium, there
were no other consistent relationships between blood
pressure and dietary intake. Furthermore, no dietary
relationships were as consistent as body mass and
serum biochemistries in their associations. There are
several reasons for this less robust relationship with
diet, particularly as regards salt. In cross-sectional
studies of relatively homogeneous populations, it has
been difficult to find a consistent relationship between
sodium intake and blood pressure. However, when
populations having widely divergent sodium intakes
are compared, significant and important differences in
blood pressure can be related to dietary sodium.!=
Within particular populations or cultures, salt intake
is relatively homogeneous, whether high or low, and
broad variations in intake are difficult to find unless
there has been an effort at manipulation of diet. In the
United States, salt is pervasive, particularly in the
snack and convenience foods that are favored by
adolescents and young adults. Thus, in the general
population survey there are few persons with a low salt
intake.

A major concern in all population studies has been
the reliability and representativeness of dietary inter-
views or diaries. A single 24-hour recall estimation of
sodium intake correlates poorly with measurements of
urinary sodium. Even the use of urine collections has
problems of reliability and representativeness. It has
been estimated that eleven 24-hour periods of dietary
assessment and collections would be necessary to
characterize individual sodium intake and produce
agreement with urinary excretion data.’?” Urinary
excretion was not measured in NHANES I, and
complete assessment of sodium intake was not accom-
plished because there was no quantification of salt
added in cooking and at the table. Therefore, the
measures of salt and sodium used in these analyses
cannot be compared directly with other studies of
urinary excretion or total dietary intake. The relative
consumption of sodium was, however, the basis for
stratification, and the tests of blood pressure relation-
ships were directed to differences between low and
high subgroups of intake.

Moreover, current assessment of dietary intake
affords no insight into previous dietary habits that may
be more closely related to chronic disorders such as
elevated blood pressure. All cross-sectional studies of
diet and disease are marred by additional problems.
The reliability of dietary measurement is critical, and
this is related to measurement and biological variabili-
ty. Repeat measurements or longitudinal measure-

ments are helpful in minimizing and quantifying this
effect. It can be shown that no correlation might be
anticipated, even if a perfect correlation were actually
present, if measurement and biological variability are
sufficiently great.’ The stronger relationships with
more reliably measured variables such as weight,
skinfolds, and serum biochemistries are, therefore, not
surprising.

An additional problem in cross-sectional popula-
tion studies concerns examinees who are on special
diets or medications that alter the variable being
studied. The NHANES I examinees on therapy were
excluded from analysis, but the price for not including
them is the loss of many individuals from the upper
end of the distribution, which has the greatest medical
interest, and a decreased potential for demonstrating
significant relationships. Considering these problems,
which are inherent in any survey, it is not surprising
that more robust relationships were not found between
blood pressure and nutritional variables.

Many other dietary constituents were examined to
determine potential relationships with blood pressure.
However, no common nutrients had a consistent or
significant relationship when age and body mass were
controlled. Frequently in these analyses, trends were
found when the entire population was analyzed, but
the opposite trend was found when subgroups were
stratified by age, sex, or body mass. These conflicting
trends were usually attributable to differen